A search for nitrogen-rich quasars in the Sloan EDR catalog has yielded 16 candidates, including four with very prominent emission, but no cases with nitrogen emission as strong as in Q0353-383. The quasar Q0353-383 has long been known to have extremely strong nitrogen intercombination lines at λ1486 and λ1750Å, implying an anomalously high nitrogen abundance of ∼ 15 times solar. It is still the only one of its kind known. A preliminary search through the EDR using the observed property of the weak C IV emission seen in Q0353-383 resulted in a sample of 23 objects with unusual emission or absorption-line properties, including one very luminous z ≈ 2.5 star-forming galaxy. We present descriptions, preliminary emission-line measurements, and spectra for all the objects discussed here.
Introduction
Q0353-383 was first observed in 1976 as part of the Curtis Schmidt survey (Osmer & Smith 1980) . Subsequent observations of this z = 1.96 quasar revealed that Q0353 was an unusual object, in that its spectrum revealed prominent N III], N IV] and N V emission lines and abnormally weak C III] and C IV lines compared to other quasars (see Figure 1 for comparison with the SDSS composite spectrum, Vanden Berk et al. 2001) . Osmer (1980) concluded that Q0353-383 has an anomalously high N abundance due to recent CNO processing in stars. Building on Osmer's original work with Q0353-383, Baldwin et al. (2003) obtained higher quality spectra and added HST observations in the ultraviolet. Using the latest models of the broad line region, Baldwin et al. were able to both confirm and refine the original conclusions made by Osmer. Additionally, Baldwin et al. conclude that Q0353-383 has a metallicity of at least 5-10 times solar. As shown by simulations (Hamann & Ferland 1999) , this level of metal enrichment is expected to occur near the end of an era of rapid metal enrichment, and can result in metallicities of as much as 10-20 times solar. The scarcity of objects like Q0353-383 may be an indication of the amount of time a quasar spends in this state of extreme metal enrichment before the gas supply is exhausted and the quasar becomes inactive.
To date, Q0353-383 is the only object of its kind known, which brings up two questions: (1) how many other such objects exist, and (2) what percentage of the QSO population is similar to Q0353-383? Until recently, anwering these questions was difficult due to the relatively small number of known quasars and the lack of available spectra with good S/N. However, the Sloan Digital Sky Survey (SDSS) is providing new opportunities by working to compile, in one database, approximately 100,000 quality quasar spectra as it scans 10,000 deg 2 of the north Galactic cap (York et al. 2000) . Even though the survey is not complete at this time, a search for similar nitrogen-rich QSOs can be undertaken.
Spectral Analysis
The Sloan Early Data Release (EDR) (Stoughton et al. 2002) quasar catalog is composed of 3814 objects that cover an area on the sky of 494 deg 2 . Three thousand of these objects were discovered by the Sloan Digital Sky Survey in the commissioning data using a multicolor selection technique (see Richards et al. 2002 for details on the quasar selection algorithm). Each object has at least one emission line with a full width half-maximum of more than 1000 km s −1 , a luminosity brighter than M i * = −23 mag, and a reliable redshift (Schneider et al. 2002) . The sample is not homogeneous, as there were several modifications to the quasar selection algorithm during the time the data was collected, and so the EDR quasar catalog is not intended for statistical purposes. However, there are still enough data contained in the catalog to make the information mined there important.
The Sloan EDR database was searched for all quasars that lay within the redshift range 1.8 < z < 4.1. This range ensures that both N IV] λ1486 and N III] λ1750 will be in the 3800-9200 A region observed by the Sloan spectrograph. A total of 1082 QSOs were found in this range, with the redshift distribution as shown in Figure 2 . We used the redshift values determined by the Sloan pipeline to correct for cosmological expansion and place the spectra in a common rest frame. Within each spectrum, two 30Å sections, centered on N IV] λ1486 and N III] λ1750, were cross-correlated with the rest-frame spectrum of Q0353-383 using the IRAF 1 package fxcor. A visual inspection of all 1082 quasars was also employed to double check the correlation results.
We detected sixteen candidate nitrogen-rich objects within our sample of 1082 quasars. While the sixteen objects selected had a correlation coefficient of at least 0.5 for either N III] or N IV], four of the candidates have noticeably stronger nitrogen emission than the others (see Table 1 ), but none have nitrogen emission as strong as seen in Q0353-383. The Sloan spectrum of each object, smoothed over five pixels, is shown in Figure 3 . Five of the sixteen candidate quasars were known previous to the SDSS; however, only one (SDSS J0034-0111, aka UM 259) was noted as possibly having strong nitrogen emission (MacAlpine et al. 1977) .
Description of Candidates
Due to the faintness of the objects, the spectra are somewhat noisy, and so the equivalent widths of emission lines in this paper should be taken as guideline measurements, with a characteristic error of 0.5-1Å. The measurements were made using a simple summing function and a two-point interpolation of the continuum within IRAF (see Table 2 ). None of the objects presented here have nitrogen lines as strong as in Q0353-383. Many of the candidates do not even have an obvious N IV] emission line, but this could, in part, be due to the noise at the blue edge of the spectra for the z ≈ 2 quasars.
In the cases of the two quasars where Lyα emission is visible in the EDR spectra (SDSS J0953+0037 and SDSS J1707+6443, Figures 3g and 3m, respectively), the line profile is rather narrow with a well-separated N V emission line. This is also true of Q0353-383. A literature search on the previously known quasars revealed that SDSS J0259-0020 (Chaffee et al. 1991, Fig. 1; Osmer et al. 1994 , Fig.1 ) and SDSS J1238-0059 , Fig. 1 ) also follow this trend. However, SDSS J1442-0037 (Hewett et al. 1991, Fig. 2m ) has a somewhat broader Lyα profile with nearly indistinguishable N V emission, and SDSS J0034-0111 (Osmer et al. 1994, Fig. 2k ) has a very broad, blended Lyα and N V line profile.
There appear to be narrow components as well as broad components to the emission line profiles in several of the spectra. In fact, the FWHM of the C IV line ranges from ∼ 800 km s −1 (SDSS J0953+0037, Fig. 3g ) to ∼ 7000 km s −1 (SDSS J0250-0047 and SDSS J2336-0017, Figs. 3d and 3q) within the sample of 16 quasars. SDSS J0953+0037 is extremely strange in that it appears to be a narrow-line QSO with many intrinsic Lyα and C IV absorbers. It also happens to be the one case where an [O I] night sky line fell exactly at λ1750, and so it is impossible to determine if there is N III] emission using the Sloan spectrum.
Of additional interest, seven of the candidates have strong, well-separated He II λ1640 and O III] λ1664 emission lines (see Table 4 ), which is another of the odd characteristics of Q0353-383. There is evidence for He II and O III] emission in most of the other spectra, but the S/N are too low for even preliminary measurements of these weak lines.
The overall continuum shapes of the candidates are also rather varied. Three candidates have a relatively flat continuum, six have a slight slope to the blue in the continuum that is shortward of the C III] emission line, and the remaining seven have a distinct slope to the blue throughout the visible portion of their spectra. About half of the candidate quasars also seem to have absorption signatures, although only three seem to have broad absorption profiles.
While it appears that most of the candidates are clustered right around z ≈ 2, this is to be expected as the majority of quasars within the Sloan EDR QSO catalog are at similar redshifts.
Other Findings
As noted by Osmer & Smith (1980) , the C IV/(Lyα + N V) ratio of Q0353-383 is extremely small, a value of 0.07, which is 4 to 5 times smaller than the average value of the other quasars in the Curtis Schmidt survey. Therefore, as a preliminary search, those quasars in the Sloan EDR database with a (non-negative) ratio of C IV/(Lyα + N V) < 0.1 were examined. We found 23 QSOs matching these criteria, none of which were previously known. Interestingly, the two nitrogen-rich candidates SDSS J0953+0037 and SDSS J1707+6443 have redshifts greater than 2.3 (where Ly α shifts into the Sloan spectrograph window of 3800-9200Å), and yet they were not among the 23 quasars that were selected (see Figure 4 for spectra). Many of these quasars are extremely peculiar objects, with broad absorption lines, intrinsic C IV and N V absorption, strong narrow Ly α emission with well-separated N V emission, and even one high-redshift star-forming galaxy. Two objects (SDSS J1303+0020 and SDSS J1426-0021, Figures 4k and 4p, respectively) show evidence for strong outflows with P-Cygni (narrower than normal BALs) line profiles of N V, C IV, and the Si blend at λ1400.
3.1. A Star-Forming Galaxy at z ≈ 2.5 SDSS J1432-0001, one of the galaxies uncovered in our search, was included in the EDR quasar catalog on account of its strong Lyα emission and UV brightness. This galaxy is, however, a nuclear starburst (see Figure 5 for comparison with Lyman break galaxies (LBGs)). There is strong evidence for the following interstellar absorption features in the spectrum of SDSS J1432-0001: Si II λ1260, O I λ1302, Si II λ1304, C II λ1334, Si IV λλ1393, 1402, Si II λ1526, C IV λλ1548, 1550, Fe II λ1608, Al II λ1670, and Al III λλ 1854, 1862 Morton 1991) . While SDSS J1432-0001 does not appear to be a typical LBG, as there seems to be very little intergalactic absorption immediately shortward of Lyα, it is very similar to the LBG composite, and it satisfies the color cuts of the Shapley et al. (2003) LBG survey, with u * − g * = 2.03 and g * − r * = 0.6. Comparison with a group of z ≈ 3 LBGs with similar Lyα equivalent widths (W Lyα ) suggests a star formation rate (SFR) of 25 ± 3 h −2 0 M ⊙ yr −1 . This is a typical value for star forming galaxies that have been observed at z ≈ 1-3, although in the local universe it would be considered a starburst galaxy (Steidel et al. 1996; Shapley et al. 2003) . "Normal" spiral galaxies have typical SFRs of 0 − 5 M ⊙ yr −1 (Barbaro & Poggianti 1997) . SDSS J1432-0001 has an observed r* magnitude of 20.52, which is two magnitudes brighter than the brightest LBG in the Steidel et al. (2003) survey (Q0201-oMD12 at z = 2.567 has an R AB magnitude of 22.67), and four magnitudes brighter than typical z ≈ 3 LBGs, which have magnitudes of R AB = 24 − 25.5 mag . Imaging of SDSS J1432-0001 shows no evidence for a foreground lensing galaxy. However, as the area covered by Lyman break surveys is very small compared to the area covered by Sloan -only 0.38 deg 2 in the z ∼ 3 survey by -it is quite possible that SDSS J1432-0001 is simply a very rare, extremely bright LBG.
Conclusions
We have searched 1082 quasars in the Sloan EDR catalog for nitrogen-rich objects similar to Q0353-383. Sixteen candidates were found, four of which have stronger nitrogen emission than the others, but none with the strength of nitrogen emission found in Q0353-383. Additionally, we found 23 objects with unusual emission or absorption-line properties in our search for objects with weak C IV emission relative to Lyα + N V.
Further observations will be necessary in order to determine conclusively whether any of these QSOs do indeed have extreme nitrogen abundances. The best candidates for follow-up observations are J1308-0050, J1327+0035, J1744+5351, J2326-0020, and J2336-0017, as they have the most prominent nitrogen emission lines of the sample and show evidence of both N III] and N IV] emission. Higher S/N data would allow for more precise measuring of equivalent widths. Additionally, the wavelength range of the spectra may be pushed further into the blue, allowing for measurements of Lyα and N V on several of quasars with z ≈ 2. With better measurements of the line intensities, especially in the seven objects with prominent O III] and He II emission, estimates of the metallicities could be made using several different line ratios, such as N III]/O III], N III]/C III], and N V/He II. These metallicity estimates would allow us to test the hypothesis that nitrogen-rich quasars are exhausting their fuel supply and approaching the metallicities expected by numerical simulations for black holes as they end their quasar phase.
Searches through subsequent Sloan databases will also be necessary to statistically determine the fraction of quasars that fit into the "nitrogen-loud" category and to ascertain the portion of a quasar's lifetime that is spent in this last, high-metallicity stage before the gas supply is exhausted. It is worth mentioning that any estimate of the frequency of occurence of these high-metallicity objects may only be a lower limit, however, as both N IV] λ1486 and N III] λ1750 are collisionally deexcited at densities greater than 10 11 cm −3 (Hamann 1999 ). There may also exist high-metallicity objects with only N V visible in their spectra, which would be overlooked in our search.
Of the Sloan EDR objects we searched, only three to five of these objects could seriously be considered candidate "nitrogen-loud" quasars, or ∼ 0.4% of the sample of 1082 quasars. The other 12 of the sample of 1082 quasars, or ∼ 1.1%, would more appropriately be labeled "nitrogensalient" objects in that they have noticeable nitrogen emission, but not to the extent of Q0353-383. "Nitrogen-salient" objects may turn out to be valuable as well in that they may help to map out the rapid chemical evolution stages of quasars as the fuel supply is processed through stars. While the above statistics are very rough due to the inhomogeneity of the EDR sample, they do give a guideline measurement of the frequency of such quasars based on a factor of ten larger sample size than the previous estimate by Osmer (1980) . We plan to search the SDSS Data Release One database (Abazajian et al. 2003) , using the strategies developed in this paper, to improve these statistics. Fig. 1 .-Rest frame spectrum of Q0353-383 (Baldwin, private communication) , and the SDSS composite (Vanden Berk et al. 2001) , composed of 2204 QSO spectra from 66 spectroscopic plates. Both spectra are plotted in semi-log format to enhance fine details. Fig. 2. -Redshift distribution for the 1082 objects in the Sloan EDR with 1.8 < z < 4.1 and bin size dz = 0.05, and distribution centered around z = 2 with bin size dz = 0.01. Fig. 3 .-Rest frame spectra of the 16 nitrogen enriched candidate QSOs from the SDSS EDR database. The spectra are smoothed with a bin of five pixels and plotted in semi-log format to enhance fine details. The red line is at N IV] λ1486Å and the blue line is at N III] λ1750Å. , and Sloan object SDSS J1432-0001. The Sloan spectrum was smoothed with a bin of five pixels, and both spectra are plotted in semi-log space to enhance fine details. Hewett et al. (1991 ), 7. Hewitt & Burbidge (1987 ), 8. Huang & Usher (1984 ), 9. La Franca et al. (1994 ), 10. MacAlpine et al. (1977 ), 11. Osmer et al. (1994 ), 12. Perlman et al. (1998 ), 13. Simard-Normandin et al. (1981 ), 14. Sirola et al. (1998 ), 15. Véron-Cetty & Véron (2001 ), 16. Visnovsky et al. (1992 e This research has made use of the NASA/IPAC Extragalactic Database (NED) which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract with the National Aeronautics and Space Administration. strong, narrow Ly α, well separated N V a As determined by the SDSS data pipeline b As determined by Schneider et al. (2002) , with H0 = 50, ΩM = 1, ΩΛ = 0, and αQ = 0.5 
